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Background: One-lung ventilation (OLV) in thoracic anesthesia is required to provide good surgical 
exposure. OLV is commonly achieved through a double lumen tube (DLT) or a bronchial blocker (BB). 
Malposition is a relevant issue related to these devices use. No prospective studies with adequately large 
sample size have been performed to evaluate the malposition rate of DLTs and BBs.
Methods: A total of 2,127 patients requiring OLV during thoracic surgery were enrolled. The aim of this 
multicenter prospective observational study performed across 26 academic and community hospitals is to 
evaluate intraoperative malposition rate of DLTs and BBs. We also aim to assess: which device is the most 
used to achieve OLV, the frequency of bronchoscope (BRO) use, the incidence rate of desaturation during 
OLV and the role of other factors that can correlate to this event, and incidence of difficult airway. 
Results: Malposition rate for DLTs was 14%, for BBs 33%. DLTs were used in 95% of patients and BBs in 
5%. Mean positioning time was shorter for DLT than BB (156±230 vs. 321±290 s). BRO was used in 54% of 
patients to check the correct positioning of the DLT. Desaturation occurred in 20% of all cases during OLV 
achieved through a DLT. Predicting factors of desaturation were dislocation (OR 2.03) and big size of DLT 
(OR 1.15). BRO use (OR 0.69) and left surgical side (OR 0.41) proved to be protective factors. Difficult 
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Introduction
One-lung ventilation (OLV) in thoracic anesthesia is 
required to provide a good surgical exposure of the affected 
lung while ensuring adequate gas exchange with the other. 
Left-sided double lumen tube (L-DLT), right-sided 
double lumen tube (R-DLT) or bronchial blocker (BB) are 
used in clinical practice to achieve OLV (1-3). Malposition 
is the most critical issue related to the use of this device. To 
date, no prospective studies with an adequately large sample 
size have been performed to investigate which of these 
devices is the standard of care in clinical practice and assess 
the incidence rate of malposition of these devices. 
Few data exist to show if the BRO is routinely used after 
the placement of DLT and BB. While bronchoscope (BRO) 
use is essential for BB positioning, DLT can be checked 
by inspection and auscultation only. BRO revealed a 
malposition in 20–48% of the DLTs thought to be correctly 
positioned (4). BRO is widely used to check the DLT 
position, but its real use in clinical practice has not been 
fully investigated.
A second relevant problem is intraoperative hypoxemia. 
Desaturation frequently occurs during OLV and could 
affect the safety of the patient with an incidence rate 
reported between 3% and 28% (5-7). The pathophysiology 
of hypoxemia is very complex. Several factors, such as the 
side of surgical procedure and lung function abnormalities 
that are not modifiable causes, are associated with the risk 
of developing hypoxemia. Uncorrected management of 
DLT could be an important modifiable feature during OLV. 
Only single-center studies investigated the incidence of 
hypoxemia rate during OLV.
Lung isolation in patients with difficult airway may 
also be particularly challenging, requiring the acquisition 
and the knowledge of specific skillfulness and devices. No 
extensive studies have ever investigated the incidence of 
difficult airways in a real-life context.
The first aim of this multicenter observational study was 
to evaluate the intraoperative malposition rate of DLTs and 
BBs. Secondly, we aimed to assess the most used device to 
obtain OLV, the incidence rate of desaturation during OLV 
and the role of the other factors that can correlate to this 
event (malposition, use of BRO, side of surgery, size of DLT), 
and the incidence of difficult airway in thoracic anesthesia. 
Methods
This multicenter, prospective, observational study was 
performed across 26 Italian academic or community 
hospitals. This manuscript adheres to the applicable 
STROBE guidelines.
The study protocol was approved by the Ethics 
Committee of the Academic Hospital “S. Maria Della 
Misericordia”, Udine, (Protocol n° 67019/2012; registered 
at www.clinicaltrials.gov as NCT02361983). The inclusion 
criteria were: age ≥18 years, thoracic surgery requiring OLV 
under general anesthesia, and written informed consent. 
The exclusion criteria were: refusal to take part in the study, 
patient age less than 18 years, and no requirement for OLV.
No attempts were made to influence the anesthesiologist’s 
choice of the airway device. 
For each patient, a case report form was filled out by 
the anesthesiologist (Figure S1), recording the pre-, intra- 
and postoperative data, as shown in Table 1. Participating 
hospitals, the number of enrolled patients and involved 
anesthesiologists are shown in Table S1.
All data were recorded in an electronic datasheet (Microsoft 
Excel, Microsoft Corporation, Redmond, WA, USA).
airway prevalence was 16%; 10.8% predicted and 5.2% unpredicted.
Conclusions: DLT has a low malpositioning rate and is the preferred device to achieve OLV. BRO use 
recorded was unexpectedly low. The possibility of encountering a difficult airway is frequent, with an overall 
prevalence of 16%. Risk factors of desaturation are malposition and increased size of DLT. Left procedures 
and BRO use could lead to fewer episodes of desaturation.
Keywords: One-lung ventilation (OLV); thoracic surgery; double lumen tube (DLT); bronchial blocker; hypoxia; 
difficult airway
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Table 1 Collected preoperative, intraoperative and postoperative data
Preoperative data
Patient characteristics: age, sex, height, weight, BMI, ASA physical status classification
Surgical procedure scheduled: type of surgery, side of surgical procedure, elective or emergent procedures, thoracotomy or VATS 
approach
Intraoperative data
Airway management: Mallampati score, Cormack-Lehane classification, number of attempts at tracheal intubation, type of DLT (left or 
right), size (from 28 to 41 French size), type and size of bronchial blocker, size of SLT (from 7 to 9 mm), positioning time of the device 
expressed in seconds measured using a stopwatch (starting from the beginning of laryngoscopy and ending once the correct positioning 
of the device had been checked with or without BRO, with the patient in the supine position)
The level of the anesthesiologist’s experience (expressed in years)
The degree of the anesthesiologist’s perceived difficulty in positioning the device; once the device was positioned, the practitioner 
judged whether it had been “easy”, “difficult” or “very difficult” to position (independently of whether BRO was or was not used in the 
case of DLT).
The degree of lung collapse defined by the surgeon, after the pleura was opened, as: complete collapse if no air trapping occurred, 
partial collapse in the case of slight air trapping that did not interfere with the surgical procedure, or absent collapse if the inflated lung 
caused surgical problems
The number of malpositionings once the patient was placed in the lateral decubitus position, before and during surgery. When BRO was 
used, the correct position of L-DLT required that the endobronchial cuff was just below the tracheal carina, with a BRO view of the left 
bronchial carina with unobstructed left and lower bronchi. For R-DLT, correct positioning required that the endobronchial cuff was just 
below the tracheal carina, with a complete BRO view of the right upper lobe bronchus and with unobstructed right middle and lower 
bronchi. When BRO was not used, the correct positioning of the device was assessed using clinical signs (movements of chest wall only 
on the opposite side to the lumen clamped by DLT and the absence of lung sounds in the clamped side assessed by auscultation). The 
recording of equal waveforms and peak inspiratory pressures while ventilating both lungs sequentially with the same tidal volume were 
assessed
The correct position for BB required that the blocker balloon in the main stem bronchus could be visualized just below the tracheal 
carina
DLT malpositioning; when BRO was used, a DLT was recorded as a malposition if it had to be moved more than 0.5 cm in or out of 
the main bronchus in order to correct its position (“ideal” device position). If BRO was not used, a DLT was defined as a malposition 
when one or more of the following occurred: bilateral movements of the chest wall were recorded whilst one of the lumens was being 
clamped, bilateral lung sounds could be detected whilst clamping one lumen by DLT, different waveforms or peak inspiratory pressures 
were recorded when ventilating both lungs sequentially with the same tidal volume, or when the DLT had to be moved into or out of the 
trachea by more than 2 cm. This reflects a clinically “satisfactory” device position
A BB was considered malpositioned when the blocker balloon herniated into the trachea or was not visible in the main stem bronchus
Life-threatening events after DLT or BB malpositioning
The occurrence of desaturation; desaturation was defined SpO2 less than 92%
Postoperative data
Replacement of the DLT at the end of surgery, use of tube-exchanger
DLT, double lumen tube; L-DLT, left double lumen tube; R-DLT, right double lumen tube; BB, bronchial blocker; BMI, body mass index; 
ASA, American Society of Anesthesiology physical status; NA, not available; BRO, bronchoscope; SLT, single-lumen endotracheal tube; 
SpO2, peripheral oxygen saturation; VATS, video-assisted thoracoscopy. 
Statistical analysis 
In a previous study, Brodsky and colleagues studied a sample 
of 1,170 patients (7) reporting a DLT malpositioning rate 
of 6%. Assuming 2% variability, an α error of 0.05 with a 
power of 0.90, and an expected 10% of data missing, the 
minimum sample size required was calculated to be 1,820 
patients. To ensure that statistically significant results would 
be achieved we needed a minimum of 2,000 subjects to be 
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enrolled in the study. 
Continuous variables were described using means plus 
standard deviations (SD). Categorical and nominal variables 
were described using frequencies and percentages. Normally 
distributed continuous variables (confirmed using the 
Shapiro-Wilk test) were compared using two independent 
sample t-tests. Non-normally distributed continuous 
variables were compared using the Mann-Whitney U-test. 
Categorical and nominal variables were analyzed using Chi-
square or Fisher’s exact test. Multivariate stepwise logistic 
analyses (with P=0.2 significance level for removal from 
the model) were done to explore the association between 
the presence of malposition and hypoxia and the main 
factors influencing the incidence of desaturation. Data were 
analyzed using the statistical program STATA 13® (College 
Station, TX, USA). Results were considered statistically 
significant for P<0.05.
Results
A total of 2,225 sheets were received from the 26 
participating hospitals. Ninety-eight case report forms were 
incomplete, 2,127 (as described in Figure 1) were submitted 
to final statistical analyses. 
Patient’s characteristics and data related to the type of 
surgical procedure are reported in Table 2. 
A total of 1,287 (61%) airway device positionings were 
performed by attending anesthetists and 840 (39%) by 
resident anesthetists.
Regarding the level of the attending anesthesiologist’s 
experience, it was 14±9.8 years.
Intraoperative DLTs and BBs malposition
The overall malposition rate for all cases of DLT use was 
14% (278/2,015 cases), whereas the overall malposition rate 
for all cases of BB was 33% (37/112 cases). Malposition 
rates according to the device and to BRO use are shown in 
Table 3. A DLT was used in 2,015 patients (95%), whereas 
a BB was preferred in 112 patients (5%). BRO was used 
to check the correct positioning of the DLT after placing 
the patient in the lateral decubitus position and during 
surgery in 1,095 cases (54%). All BB were checked by BRO.
Frequencies and detailed characteristics of the devices 
chosen by the anesthetists are shown in Table 4. 
DLT was positioned in 156±230 s and BB in 321±290 s. 
The mean positioning time for DLT, when checked with 
BRO, was 176±269 s and it was 133±171 s without BRO. 
75 hospitals invited to participate
44 hospitals accepted to participate
28 hospitals got the ethics committee
26 hospitals completed 2,225 CRF
2 hospitals did not 
recruit any patients
98 forms were discarded
2,127 patients were included in the study
112 BBs (5%) included 2,015 DLTs (95%) included
1,838 L-DLT
177 R-DLT
Figure 1 Study flow chart. BB, bronchial blocker; DLT, double lumen tube; CRF, case report form. L-DLT, left double lumen tube; R-DLT, 
right double lumen tube.
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A total of 1,583 L-DLTs (86%) were defined as “easy” 
to position, 248 (13%) were rated “difficult” and 2 were 
reported as “very difficult” to position. Both of these two 
cases were with attending physicians. A much higher rate 
of “complete” lung collapse and a lower rate of “partial” 
lung collapse was reported in the DLT group and BB group 
(see Table 5).
No life-threatening complications were recorded as a 
result of malposition. In 159 patients, DLT was replaced 
with a SLT before ICU admission. Safe extubation was 
performed in 409 patients (19%) in the recovery room 
(RR) or in the ICU. In 94 cases (4.4%) an airway exchange 
catheter was used and reintubation was necessary for 15 
patients (0.7%). 
Desaturation
Of 2,127 patients, 2,015 included in this study required 
Table 2 Patient demographic and surgical procedure data.
Parameter All cases (n=2,127) DLT (n=2,015) BB (n=112)
Age (years) 61.5±14.5 61.6±8 60.4±14.6
Male 1,341 (63%) 1,272 (63%) 69 (62%)
Female 786 (37%) 743 (37%) 43 (38%)
Weight (kg) 72.6±14.3 72.5±14.5 74.0±14.3
Height (m) 168.5±8.9 168.5±5.5 169±9.8
BMI (kg/m2) 25.5±4.4 25.5±3.2 25.6±4.5
ASA status
ASA I 118 (6%) 114 (6%) 4 (4%)
ASA II 989 (46%) 931 (46%) 58 (52%)
ASA III 882 (41%) 838 (42%) 44 (39%)
ASA IV 103 (5%) 98 (5%) 5 (4%)
NA 35 (2%) 34 (2%) 1 (1%)
Scheduled as
Elective 1,994 (94%) 1,894/1,994 (95%) 100/1,994 (5%)
Urgent/emergent 38 (2%) 33/38 (87%) 5/38 (13%)
NA 95 (4%) 88/95 (93%) 7/95 (7%)
Surgical access
Thoracotomy 1,242 (58%) 1,203/1,242 (97%) 39/1,242 (3%)
VATS 619 (29%) 575/619 (93%) 44/619 (7%)
Other 266 (13%) 237/266 (89%) 29/266 (11%)
Procedure
Lobectomy 775 (36%) 743/775 (96%) 32/775 (4%)
Pneumonectomy 72 (3%) 72/72 (100%) –
Wedge resection 623 (29%) 575/623 (92%) 48/623 (8%)
Other 464 (22%) 449/464 (97%) 15/464 (3%)
NA 193 (9%) 176/193 (91%) 17/193 (9%)
Data are expressed as means ± standard deviations for continuous variables; for categorical and nominal variables, data are expressed 
as frequencies and percentages. DLT, double lumen tube; BB, bronchial blocker; BMI, body mass index; ASA, American Society of 
Anesthesiology physical status; NA, not available; VATS, video-assisted thoracoscopy. 
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OLV through a DLT. At least one episode of desaturation, 
defined as SpO2 value less than 92%, with a mean value 
of SpO2 =86% was recorded in 394/2,015 patients (20%) 
during OLV. In the same group of patients, the total number 
of desaturation episodes was 1 in 69%, 2 in 16%, 3 in 8%, 
more than 3 in 7%. Desaturation rate was respectively 
20.5% for R-DLT and 19.4% for L-DLT. There wasn’t a 
statistically significative difference comparing surgical access 
and desaturation: 20.5% during thoracotomies vs. 19% 
during VATS (P=0.35). In both approaches, we found that 
right side surgical site was associated with a higher number 
of episodes of low peripheral arterial oxygen saturation. 
In right thoracotomies, there was at least an event of 
desaturation in the 23.5% of cases while in left procedures 
the percentage was 15.6% (P=0.0007). Desaturation was 
present in 22.5% of the right VATS while in 14% during 
left procedures (P=0.005).
Among 1,095 patients where a DLT was used and 
checked with BRO it was possible to recognize a 
desaturation in 203 of them (18.5%) while without 
BRO physicians detected 189 (21%). The multivariate 
analysis revealed that DLT malposition elevates the risk of 
desaturation (OR 2.03, P<0.0001) and the increasing size 
of DLT raises hypoxemia risk (OR 1.15, P=0.007). On the 
contrary, the use of BRO reduces desaturation risk (OR 0.69, 
P=0.01) and left-sided surgical procedures are associated 
with less desaturation than right-sided thoracotomies (OR 
0.41, P<0.0001) (see Table 6). We also found that ASA 
3 status (OR 2.38, P=0.001), emergency surgery (OR 4.07, 
P=0.021), procedures on the left lung parenchyma (OR 
1.53, P=0.009), and the use of a R-DLT (OR 2.93, P=0.001) 
increased the risk of malpositioning (see Table 7). 
Difficult airways
A total of 340 patients (16%) reported Mallampati score 3 
or 4 and/or with Cormack-Lehane score 3 or 4; 152 patients 
reported Cormack-Lehane score 3, 25 reported Cormack-
Lehane score 4, 222 reported Mallampati score 3, and 9 
reported Mallampati score 4. Two hundred and thirty-
one (10.8%) patients presented predicted difficult airways. 
Unpredicted difficult airways occurred in 109 patients 
(5.2%). The mean positioning time of DLTs in patients with 
Cormack-Lehane grade 3 view was 238±374 s while for BBs 
it was 331±274 s. For patients with Cormack-Lehane 4 the 
mean positioning time of DLTs was 215±190 s. The mean 
positioning time of BBs in these patients was 444±598 s.
Regarding the difference between attending and resident 
anesthetists in the positioning time in Cormack-Lehane 
3 patients, it took an average of 234±387 s for attending 
anesthetists to intubate with a DLT and 287±182 s to place a 
BB. The mean positioning time for residents was 263±294 s 
for a DLT and 395±372 s for a BB.
For patients with Cormack-Lehane 4 attending 
anesthetists took 226±190 s to place a DLT and 180±109 s 
to place a BB. Only 3 Cormack 4 patients were managed by 
a resident.
Regarding the extubation of patients with difficult 
airways only 11 (3 in case of a predicted difficult airway and 
8 in case of unpredicted difficulty) were managed through 
an airway exchange catheter (AEC); among these only in 
6 Cormack 3 patients (0.9%) and in 2 Cormack 4 patients 
(0.6%)  an AEC was used.
Analyzing the discharge from the operating theatre of 
Cormack 3, 82 patients (24.1%) were directly sent to the 
inpatient ward, 6 patients (1.7%) were admitted to the 
post-anesthesia care unit (PACU) prior to discharge to 
Table 3 Malpositioning rate according to the device and to the use 
of the bronchoscope
Variables Malpositioned [%]
DLT vs. BB
DLT (n=2,015) 278 [14]
BB (n=112) 37 [33]
DLT: left vs. right
L-DLT (n=1,838) 235 [13]
R-DLT (n=177) 43 [24]
Use of BRO
With BRO
Total (n=1,095) 168 [15]
L-DLT* (n=1,025) 144 [14]
R-DLT (n=70) 24 [34]
Without BRO
Total (n=915) 110 [12]
L-DLT* (n=808) 91 [11]
R-DLT (n=107) 19 [18]
Data are expressed as frequencies and percentages for 
categorical and nominal variables. *, five cases of L-DLT are not 
available in use of BRO. DLT, double lumen tube; BB, bronchial 
blocker; L-DLT, left double lumen tube; R-DLT, right double 
lumen tube; BRO, bronchoscope, used to check the positioning 
of the device. 
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Table 4 Frequencies and characteristics of devices placed.
Devices Patients Positioning time, s
All DLT 2,015/2,127 (95%) 156±230
L-DLT 1,838/2,015 (91%)
R-DLT 177/2,015 (9%)
DLT checked without BRO 920/2,015 (46%) 133±171  
DLT checked with BRO 1,095/2,015 (54%) 176±269
L-DLT checked with BRO 1,025/1,838 (56%)
R-DLT checked with BRO 70/177 (39%)
All BB 112/2,127 (5%) 321±290 
Uniblocker (Fuji System Corporation, Tokyo, Japan) 50/112 (45%) 322
Arndt blocker (Cook Critical Care, Bloomington, IN) 34/112 (30%) 324
Cohen blocker (Cook Critical Care, Bloomington, IN) 18/112 (16%) 337
EZ-blocker (Teleflex Life Sciences Ltd., Athlone, Ireland) 6/112 (5%) 329
HS-blocker (Hospital Service, Rome, Italy) 4/112 (4%) 360
BB checked with BRO 112/112 (100%)
SLT size*
8.5 mm 34/103 (33%)
8 mm 46/103 (45%)
7.5 mm 23/103 (22%)
DLT size**
41 Fr Male: 386/1,266 (30%); female:  6/736 (1%)
39 Fr Male: 751/1,266 (59%); female: 143/736 (19%)
37 Fr Male: 120/1,266 (10%); female: 440/736 (60%)
35 Fr Male: 8/1,266 (1%); female: 147/736 (20%)
*, nine cases of SLT are not available in size; **, twelve cases of DLT are not available in size. DLT, double lumen tube; L-DLT, left double 
lumen tube; R-DLT, right double lumen tube; BB, bronchial blocker; BRO, Bronchoscope; SLT, single lumen tube; Fr, French. 
Table 5 Degree of lung collapse
Degree of lung collapse DLT (n=2,015) BB (n=112)
Complete, n [%] 1,854 [92] 72 [64]
Partial, n [%] 141 [7] 35 [31]
Absent, n [%] 20 [1] 5 [4]
The degree of lung collapse defined by the surgeon, after the pleura was opened, as: complete collapse if no air trapping occurred, partial 
collapse in the case of slight air trapping that did not interfere with the surgical procedure or absent collapse if the inflated lung caused 
surgical problems. Data are expressed as frequencies and percentages for categorical and nominal variables. DLT, double lumen tube; BB, 
bronchial blocker. 
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the ward, and 52 patients (15.3%) were admitted to the 
ICU. Data were missing for 12 patients. Only one patient 
admitted to ICU presented a post-extubation complication 
with laryngospasm. In Cormack 4, 14 patients (4.1%) were 
directly sent to the ward, 3 patients (0.9%) were admitted to 
the PACU and 6 patients (1.8%) were admitted to the ICU. 
Data were missing for 2 patients.
Discussion
Our data showed that the overall incidence of DLT 
malpositioning is 14%, significantly higher than the 6.2% 
reported by Brodsky et al. (7) by clinical inspection only, 
and much lower than the 37% reported by De Bellis et al. 
where all DLTs were checked by BRO (8). Narayanaswamy 
et al. also reported more repositionings of the lung isolation 
device with the BBs compared with the DLTs (35 vs. 
2 incidents respectively, P=0.009) (9). Clayton-Smith A. 
et al. reported in a recent meta-analysis that DLTs are less 
likely to be incorrectly positioned than BBs (OR2.70; 95% 
CI, 1.18–6.18; P=0.02) (2). In our study, the malposition 
rate among DLT increased to 15% when BRO was used, 
higher than the 12% of the malposition rate when BRO was 
not used. This data could be strictly related to the concepts 
of “ideal” and “satisfactory” positioning. When the devices 
are checked with BRO, the incidence of malposition is 
higher most likely because the BRO also allows identifying 
the “non-ideal” positioning cases that correspond to 
the proportion of “satisfactory” positionings that with 
clinical control only could have been omitted. The overall 
malposition rate for all cases of BB was 33%. 
Literature is still lacking about this topic. Even 
considering the larger meta-analysis, including only 13 
RCT published between 1996 and 2013 (2), the overall 
population studied is limited compared to our sample size 
of 2127 patients. It is also important to underline other 
limitations of meta-analysis, such as the heterogeneity of 
RCT quality included and the risk of type-II statistical error 
due to small sample sizes (2).
DLT was selected by the anesthesiologist in 95% of 
patients requiring OLV. L-DLT was widely favored over 
a R-DLT (chosen in only 9% of cases), in agreement 
with other reports in the literature (7,10,11). DLTs were 
positioned faster than BBs. These prospective data are in 
accordance with previous findings that demonstrated how 
the positioning time for a BB is on average 51 s longer 
than that for a DLT (2), with an even more significant time 
difference in our study. 
An important element to consider when choosing an 
OLV device is the ease of positioning, particularly for 
infrequent users (12). In this study, the proportion of 
anesthesiologists that defined DLTs “easy” to position 
was greater than the percentage reported for BBs. This 
finding could be related to: (I) the greater anesthesiologists’ 
confidence with DLTs, (II) the overall low use of BRO and 
the subsequent poor capability to manage BBs positioning.
In our study, DLTs guaranteed a higher rate of “complete” 
Table 6 Multivariate analysis among the main factors influencing 
the incidence of desaturation 
Variable Odd ratio P
Age 1.00 0.117
Sex 0.74 0.129
BMI >30 1.07 0.001 
Complete collapse 0.71 0.153
ASA 4 1.58 0.091
MALL 2 0.76 0.057
MALL 3 0.66 0.091
Left surgical side 0.41 0.001 
Type of DLT (R-DLT) 1.58 0.137
Malpositioning 2.03 0.001 
C-L 4 2.25 0.169
DLT size 1.15 0.01 
BRO use 0.69 0.01
BMI, body mass index; ASA, American Society of Anesthesiology 
physical status; MALL, Mallampati; DLT, double lumen tube; 
R-DLT, right double lumen tube; C-L, Cormack-Lehane; BRO, 
bronchoscope. 
Table 7 Multivariate analysis among the main factors influencing 
the incidence of malpositioning
Variable Odd ratio P
Age 1.01 0.053
Emergency surgery 4.07 0.021
ASA 3 2.38 0.001
Left surgical side 1.53 0.009
R-DLT 2.93 0.001
DLT size 0.92 0.059 
BRO use 1.25 0.164
ASA, American Society of Anesthesiology physical status; 
DLT, double lumen tube; R-DLT, right double lumen tube; BRO, 
bronchoscope. 
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lung collapse during OLV compared with that achieved 
using BBs and a lower incidence of “partial” lung collapse, 
in contrast to what reported in previous studies (2,8,13-17). 
However, this finding must be considered with great caution 
because of the small number of BBs placements.
Albeit the BRO availability in all participating hospitals, 
it has been little used to check the correct positioning of the 
DLT. This finding is in contrast with previous Italian and 
German surveys that found a BRO use of respectively 96% 
and 87.7% of cases (11,18). Interestingly, the prospective 
data of this study provided a different result, confirming the 
unreliability of data based on operator interviews. Even in 
the most extensive study present in the literature on airway 
management in thoracic anesthesia, the use of BRO by 
expert anesthesiologists is still not found to be the routine 
practice; Brodsky and Lemmens found bronchoscopy 
unnecessary in the majority of patients and did not use it 
routinely (4). An experienced anesthesiologist can safely 
position DLT without BRO in many situations, but there 
can be no doubt that the fiberoptic assistance is a useful 
tool and that its use is strongly recommended. Systematic 
endoscopy is also costly and time-consuming, and BRO 
routine use can be unrealistic in a high volume thoracic 
surgical service. Despite recommendations (19,20), to check 
the correct DLT position by BRO in order to reduce the 
risk of device malposition is still controversial and no data 
had proven the clinical relevance of little misplacements 
and that systematic endoscopic checking reduces morbidity 
or mortality after thoracic surgery (10,21). In the recent 
“recommendations” for enhanced recovery after lung 
surgery, BRO use whether a DLT or a BB is employed is 
still considered advisable and not mandatory (22).
In 20% of 2,015 patients that required lung isolation 
through a DLT, we recorded at least one episode of 
desaturation during OLV. The incidence in the literature 
varies from 27% of the 1970s–1990s (23,24) to 5–10% of 
the most recent studies of Walsh et al. (25). This remarkable 
difference can be explained by the improving expertise, the 
new surgical and anesthetic techniques, including the use of 
BRO, newer volatile anesthetics that cause less inhibition 
of hypoxic pulmonary vasoconstriction (HPV) during 
OLV (26), and less invasive thoracic surgery.
The high desaturation rate observed in the first studies 
in contrast to what previously reported (23,24,27) could 
probably depend on the different cut off value. Karzai et al. 
defined hypoxemia as a decrease in arterial hemoglobin 
oxygen saturation (SaO2) less than 90%
 (5) while we 
defined it as a SpO2 value less than 92%. We found that 
the correlation between R-DLT with desaturation was 
weak (OR 1.58) and not statistically significant (P=0.137) 
in agreement with Ehrenfeld et al. (28). The increase of 
DLT size raises the risk to develop desaturation (OR 1.15). 
To our knowledge, few studies evaluated the impact of 
DLT size on intraoperative outcome measures, particularly 
desaturation during OLV. Some authors propose the 
practice of inserting the “largest tube that will safely fit the 
airway” in order to reduce DLT migration, obstruction of 
the upper lobe bronchus from a smaller left-sided tube, 
and ultimately prevent displacement and hypoxemia (7,29). 
Amar et al. demonstrated in a prospective pilot study 
involving 300 patients undergoing thoracic surgery that 
the use of a smaller (35 Fr) DLT than conventional size did 
not influence the incidence of intraoperative hypoxemia 
or the need for DLT repositioning (30). The left surgical 
side reduces the risk of desaturation (OR 0.41, P=0.0001) 
during OLV. This result agrees with what reported by 
Slinger et al. (31): the side of the procedure is one of 
the most important factors in predicting hypoxemia 
during OLV. The authors demonstrated that having a left 
thoracotomy could be expected to have a PaO2 72 mmHg 
higher than a similar patient with a right-sided surgery; this 
phenomenon is due to the fact that the right lung is larger 
and more perfused, so patients having left thoracotomies 
have better arterial oxygenation (31).
From a multivariate stepwise logistic regression, we 
found that ASA 3 status (OR 2.38), emergency surgical 
procedures (OR 4.07), procedures on the left lung 
parenchyma (OR 1.53), and the use of a R-DLT (OR 2.93) 
increased the risk of malposition. We also found that the 
use of BRO reduced the risk of intraoperative desaturation 
(OR 0.69). BRO use likely allowed a rapid recognition 
of the dislocation and therefore a higher possibility of 
placement correction and subsequent warranty of adequate 
ventilation reducing hypoxemia development. In patients 
with malposition there was a high number of cases of 
hypoxemia (P=0.001) than previously reported (6). The 
bivariate analysis revealed no statistically significant 
difference concerning the desaturation rate in patients 
managed with BRO in comparison to those managed 
without it. This result, apparently in conflict with the 
previous one, when analyzed in the multivariate statistical 
analysis due to many factors leading to intraoperative 
desaturation revealed that the use of BRO by itself is a 
protective factor for intraoperative desaturation (OR 0.69) 
during OLV.
We also found a quite significant prevalence of difficult 
3267Journal of Thoracic Disease, Vol 11, No 8 August 2019
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(8):3257-3269 | http://dx.doi.org/10.21037/jtd.2019.08.57
airway in thoracic surgery; 16%, of which predicted in 
10.8% and unpredicted in 5.2%. The literature is abundant 
with papers regarding the incidence of difficult airway 
management, assessing a prevalence in the general population 
between 1.5% and 8.5% (32-34). Only a few studies have 
analyzed these events in thoracic anesthesia; specifically, a 
previous report of Brodsky found a fairly low prevalence of 
2.6% (7). A recent retrospective analysis including a total of 
763 patients showed an incidence of difficult intubation of 
13.6%, an occurrence of difficult mask ventilation of 9%, and 
that 2% of patients experienced both (35).
The time required for the positioning of a BB in patients 
with difficult airways (Cormack-Lehane Grade 3–4) was 
much higher than that needed for the DLT; about 93 sec 
longer in the case of a Cormack grade 3 and about 229 s 
in a Cormack grade 4. Clayton-Smith et al. showed that 
the bronchial blocker should have a lower positioning time 
than that of a DLT (2). However, this was an analysis that 
did not classify patients according to the difficulty of the 
airways and the heterogeneity of the results was found to be 
extremely high.
The use of the AEC is not limited only to the exchange 
of a SLT with a DLT, but it is very well suited to be used as 
a mean of protection and safety of the airways during the 
extubation process of a difficult airway, as suggested in the 
SIAARTI guidelines (36). In the study by McLean et al. (37), 
in which 1,177 patients were considered, the procedure of 
exchanging the SLT with a DLT through the use of the 
AEC presented a 39.9% failure rate while the exchange of 
a DLT with a SLT showed no failure. This may mean that 
the use of the AEC is much safer at the end of surgery as a 
protection device of the airways during extubation. In our 
study, we found a very limited AEC use in only 11 patients: 
3 in the case of a predicted difficult airway and 8 in case of 
unpredicted difficulty. This may be due to the device high 
cost, to the necessary expertise for its correct use, but also 
to the overconfidence of the anesthetist in addressing any 
possible problems during extubation.
The presence of a difficult airway does not seem to affect 
patients’ postoperative discharge; 58.9% of patients with 
Cormack-Lehane grade 3 or 4 was discharged directly into 
the inpatient department, 35.5% in Intensive Care and 
only 5.5% in the post-anesthesia care unit. However, the 
presence of a PACU is a rare occurrence in Italy. This may 
also explain the high percentage of patients referred directly 
to the Intensive Care Unit. The German survey (19) claims 
that hospitals with lower levels of care admitted patients 
routinely (92.3%) to ICU.
This is a national multicenter study with such a large 
sample not previously found in literature. Given the 
observational characteristic of the study, it was representative 
of daily anesthetic practice in thoracic anesthesia including 
expert and inexpert practitioners’ performances. 
There are some limitations regarding this study. First of 
all, this was an observational study and not a protocoled, 
randomized controlled trial. The total number of the inserted 
BBs was particularly low so that the comparison with DLTs 
is not statistically possible. The number of R-DLT was also 
very low, meaning that the comparison between R-DLT 
and L-DLT was weak. However, these issues were out of 
the goal of our study. The BRO and BB use distribution 
was not homogeneous among the centers, as expected 
for a multicenter observational study. The study was not 
designed to investigate postoperative complications. Another 
limitation could be the “definition” of the desaturation event 
during OLV. We decided a cut off of SpO2 =92%, while other 
authors reported this limit from 90% to 94%. 
In conclusion, in this study DLT provided better lung 
collapse and had a lower associated malposition rate, 
making it the safest choice. L-DLT was found to be the 
primary choice device for OLV also in the case of predicted 
or unpredicted difficult airways. The correct positioning 
of DLT had been checked with BRO in about half of 
the sample revealing that in clinical practice BRO is not 
routinely employed. Nevertheless, our data show that BRO 
could be useful in a “more protective strategy” for checking 
the correct position of the device, achieving a greater 
adherence to the “ideal positioning” of the DLTs. Beyond 
the placement technique, DLTs and BBs malposition is 
common. The possibility of encountering a difficult airway 
in thoracic surgery is real and fairly frequent. During 
thoracic surgery, even desaturation is a common event 
as demonstrated by the incidence of 20% in our study. 
Predicting factors of desaturation are the presence of 
dislocation and the big size of DLT. The use of BRO and 
the left surgical side proved to be protective factors against 
the risk of intraoperative desaturation. 
Acknowledgments
None.
Footnote
Conflicts of Interest: The authors have no conflicts of interest 
to declare.
3268 Langiano et al. Airway management in thoracic anaesthesia 
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(8):3257-3269 | http://dx.doi.org/10.21037/jtd.2019.08.57
Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study protocol 
was approved by the Ethics Committee of the Academic 
Hospital “S. Maria Della Misericordia”, Udine, (Protocol 
n° 67019/2012; registered at www.clinicaltrials.gov as 
NCT02361983). Written informed consent was obtained 
from each patient prior to enrolment.
 
References
1. Cohen E. Recommendations for airway control and 
difficult airway management in thoracic anesthesia 
and lung separation procedures. Are we ready for the 
challenge? Minerva Anestesiol 2009;75:3-5. 
2. Clayton-Smith A, Bennett K, Alston RP, et al. A 
comparison of the efficacy and adverse effects of double-
lumen endobronchial tubes and bronchial blockers in 
thoracic surgery: a systematic review and meta-analysis of 
randomized controlled trials. J Cardiothorac Vasc Anesth 
2015;29:955-66.
3. Falzon D, Alston RP, Coley E, et al. Lung Isolation for 
Thoracic Surgery: From Inception to Evidence-Based. 
Journal of Cardiothoracic and Vascular Anesthesia, J 
Cardiothorac Vasc Anesth 2017;31:678-93.
4. Brodsky JB. Fiberoptic bronchoscopy need not be a 
routine part of double lumen tube placement. Curr Opin 
Anaesthesiol 2004;17:7-11.
5. Karzai W, Schwarzkopf K. Hypoxemia during One-lung 
Ventilation. Anesthesiology 2009;110:1402-11.
6. Inoue S, Nishimine N, Kitaguchi K, et al. Double lumen tube 
location predicts tube malposition and hypoxaemia during 
one lung ventilation. Br J Anaesth 2004;92:195-201.
7. Brodsky JB, Lemmens JMH. Left Double-Lumen Tubes: 
Clinical Experience With 1,170 Patients. J Cardiothorac 
Vasc Anesth 2003;17:289-98.
8. de Bellis M, Accardo R, Di Maio M, et al. Is flexible 
bronchoscopy necessary to confirm the position of double-
lumen tubes before thoracic surgery? Eur J Cardiothorac 
Surg 2011;40:912-6.
9.  Narayanaswamy M, McRae K, Slinger P, et al. Choosing 
a lung isolation device for thoracic surgery: a randomized 
trial of three bronchial blockers versus double-lumen 
tubes. Anesth Analg 2009;108:1097-101.
10. Shelley B, Macfie A, Kinsella J. Anesthesia for Thoracic 
Surgery: A Survey of UK Practice. J Cardiothorac Vasc 
Anesth 2011;25:1014-17.
11. Della Rocca G, Langiano N, Baroselli A, et al. Survey of 
Thoracic Anesthetic Practice in Italy. J Cardiothorac Vasc 
Anesth 2013;27:1321-29.
12. Campos JH, Hallam EA, van Natta T, et al. Devices for 
Lung Isolation Used by Anesthesiologists with Limited 
Thoracic Experience, Comparison of Double-lumen 
Endotracheal Tube, Univent® Torque ControlBlocker, 
and Arndt Wire-guided Endobronchial Blocker®. 
Anesthesiology 2006;104:261-6.
13. Bauer C, Winter C, Hentz JG, et al. Bronchial 
blocker compared to double-lumen tube for one-lung 
ventilation during thoracoscopy. Acta Anaesthesiol Scand 
2001;45:250-4. 
14. Campos JH, Kernstine KH. A comparison of a left-sided 
Broncho- Cath with the torque control blocker Univent 
and the wire-guided blocker. Anesth Analg 2003;96:283-9.
15. Campos JH, Hallam EA, Ueda K. Lung isolation in the 
morbidly obese patient: a comparison of a left-sided 
double-lumen tracheal tube with the Arndt wire-guided 
blocker. Br J Anaesth 2012;109: 630-5. 
16. Ruetzler K, Grubhofer G, Schmid W, et al. Randomized 
clinical trial comparing double-lumen tube and EZ-
Blocker for single-lung ventilation. Br J Anaesth 
2011;106:896-902. 
17. Neustein SM. Pro: bronchial blockers should be 
used routinely for providing one-lung ventilation. J 
Cardiothorac Vasc Anesth 2015;29:234-6.
18. Defosse J, Schieren M, Bohmer A, et al. A German-wide 
survey on anaesthesia in thoracic surgery. Anaesthesist 
2016;65:449-57.
19. Campos JH. Update on tracheobronchial anatomy and 
flexible fiberoptic bronchoscopy in thoracic anesthesia. 
Curr Opin Anaesthesiol 2009;22:4-10.
20. Klein U, Karzai W, Bloos F, et al. Role of fiberoptic 
bronchoscopy in conjunction of with the use of double-
lumen tubes for thoracic anesthesia: a prospective study. 
Anesthesiology 1998;88:346-50.
21. Gaillat F, Duponq R, Chabert L, et al. Double-lumen 
tube intubation systematic verification with fiberoptic 
bronchoscopy: between what who should do and what we 
can do. Eur J Cardiothorac Surg 2011;40:917-8.
22. Batchelor TJP, Rasburn NJ, Abdelnour-Berchtold E, et 
al. Guidelines for enhanced recovery after lung surgery: 
recommendations of the Enhanced Recovery After 
Surgery (ERAS®) Society and the European Society of 
Thoracic Surgeons (ESTS). Eur J Cardiothorac Surg 
2019;55:91-115.
23. Tarhan S, Lundborg RO. Carlens endobronchial catheter 
3269Journal of Thoracic Disease, Vol 11, No 8 August 2019
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(8):3257-3269 | http://dx.doi.org/10.21037/jtd.2019.08.57
versus regular endotracheal tube during thoracic surgery: a 
comparison of blood gas tensions and pulmonary shunting. 
Can Anaesth Soc J 1971;18:594-9.
24. Lewis JW Jr, Serwin JP, Gabriel FS, et al. The utility of a 
double-lumen tube for one-lung ventilation in a variety of 
noncardiac thoracic surgical procedures. J Cardiothorac 
Vasc Anesth 1992;6:705-10.
25. Walsh AM, Lohser J. Arterial Oxygenation and 
Management of Hypoxemia during VATS. Curr 
Anesthesiol Rep 2014;4:170-6.
26. Campos JH, Feider A. Hypoxia During One-Lung 
Ventilation-A Review and Update. J Cardiothorac Vasc 
Anesth 2018;32:2330-8.
27. Hurford WE, Alfille PH. A quality improvement 
study of the placement and complications of double-
lumen endobronchial tubes. J Cardiothorac Vasc Anesth 
1993;7:517-20.
28. Ehrenfeld JM, Mulvoy W, Sandberg WS. Performance 
Comparison of Right- and Left-Sided Double-Lumen 
Tubes Among Infrequent Users. J Cardiothorac Vasc 
Anesth 2010;24:598-601.
29.  Fitzmaurice BG, Brodsky JB. Airway rupture from double-
lumen tubes. J Cardiothorac Vasc Anesth 1999;13:322-9.
30.  Amar D, Desiderio DP, Heerdt PM et al. Practice patterns 
in choice of left double-lumen tube size for thoracic 
surgery. Anesth Analg 2008;106:379-83.
31. Slinger P, Suissa S, Triolet W. Predicting arterial 
oxygenation during one-lung anaesthesia. Can J Anaesth 
1992;39:1030-5.
32. Burkle CM, Walsh MT, Harrison BA, et al. Airway 
management after failure to intubate by direct 
laryngoscopy: Outcomes in a large teaching hospital. Can 
J Anaesth 2005;52:634-40.
33. Langeron O, Masso E, Huraux C, et al. Prediction of difficult 
mask ventilation. Anesthesiology 2000;92:1229-36.
34. Kheterpal S, Han R, Tremper KK, et al. Incidence and 
predictors of difficult and impossible mask ventilation. 
Anesthesiology 2006;105:885-91.
35. Corso RM, De Fazio C, Ornigotti E, et al. Incidence of 
difficult airway in thoracic anesthesia practice. Minerva 
Anestesiol 2018;84:1421-2.
36.  Merli G, Guarino A, Della Rocca G, et al. SIAARTI 
Studying Group on Difficult Airway. Recommendations 
for airway control and difficult airway management in 
thoracic anesthesia and lung separation procedures. 
Minerva Anestesiol 2009;75:59-78; 79-96.
37. McLean S, Lanam CR, Benedict W, et al. Airway exchange 
failure and complications with the use of the Cook Airway 
Exchange Catheter®: a single center cohort study of 1177 
patients. Anesth Analg 2013;117:1325-7.
Cite this article as: Langiano N, Fiorelli S, Deana C, Baroselli 
A, Bignami EG, Matellon C, Pompei L, Tornaghi A, Piccioni F, 
Orsetti R, Coccia C, Sacchi N, D’Andrea R, Brazzi L, Franco C, 
Accardo R, Di Fuccia A, Baldinelli F, De Negri P, Gratarola A, 
Angeletti C, Pugliese F, Micozzi MV, Massullo D, Della Rocca 
G. Airway management in anesthesia for thoracic surgery: a “real 
life” observational study. J Thorac Dis 2019;11(8):3257-3269. 
doi: 10.21037/jtd.2019.08.57
Supplementary
Figure S1 Case report form.
Table S1 Participating hospitals, number (#) of enrolled patients and involved anesthesiologists
Participating hospitals # patients # anesthesiologists
Department of Anesthesia and Intensive Care, IRCCS San Raffaele Scientific 
Institute, Milan
300 5
Azienda Ospedaliera San Camillo Forlanini, Rome 300 2
Department of Anesthesiology and Intensive Care, Sapienza University of Rome, 
Sant’Andrea Hospital
200 2
Department of Anesthesia, Intensive Care and Palliative Care, Fondazione IRCCS 
Istituto Nazionale dei Tumori, Milan
200 6
AOU “Città della Salute e della Scienza” di Turin, University of Turin, Turin 177 8
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